[3], opportunistic space-time block codes were presented for flat-fading channels. In this paper, we propose an opportunistic STBC-OFDM for frequency-selective channels with an unequal error protection capability making it attractive for multimedia applications. Our new scheme optimizes the tradeoff between coding gain and peak-to-average ratio while minimizing inter-carrier interference in the presence of carrier frequency offset. We show that our scheme achieves a 2dB reduction in PAR over the conventional scheme.
INTRODUCTION
Space-time block coding (STBC) has received considerable attention in academic and industrial circles due to its many advantages [4] [5] [6] . Recently, diversity-embedding space-time codes (DEC) were proposed to embed a highdiversity code within a high-rate code [1] [2] [3] . They encode the information symbols into layers each at a prescribed rate-diversity operating point, thus providing an unequal error protection capability. This allows a form of wireless communications where the high-rate code opportunistically takes advantage of good channel realizations while the embedded high-diversity code ensures that at least part of the information is decoded reliably. However, previous DEC constructions were presented for flat-fading channels only. To utilize the frequency diversity gain of the frequencyselective channels, STBCs have been combined with orthogonal frequency division multiplexing (OFDM) by implementing STBC at a block level instead of symbol level, namely STBC-OFDM [7] . A straightforward approach to combine DEC with OFDM is to use the same structure of STBC-OFDM. However, this will cause high peak to average ratio (PAR), requiring a larger backoff and hence power loss at nonlinear amplifiers. Our proposed opportunistic STBC-OFDM is developed by minimizing the PAR and the effects of carrier frequency offset by means of switching the signals on the time slots of DEC for some sub-carriers.
PAR REDUCTION DESIGN FOR
OPPORTUNISTIC STBC-OFDM In this section, we describe our proposed opportunistic STBC-OFDM scheme. We first focus on the following DEC design for 2 transmit antennas [3] a(O) 
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the switched DEC (S-DEC) maintains the same performance as DEC since it can be easily switched back at the receiver. Motivated by this observation, we propose our new opportunistic STBC-OFDM scheme which is illustrated in Fig. 1 . The basic idea of our scheme is to implement hybrid DEC/S-DEC at the OFDM symbol level. Let Ja denote the set of the sub-carriers on which S-DEC is implemented while Jb denote the set of sub-carriers on which DEC is transmitted. 
OPTIMIZATION OF K OVER CODING GAIN AND PAR
The opportunistic STBC-OFDM scheme proposed in this paper depends on the power scaling factor K. In this section, an optimum K is derived according to the design criterion of maximizing the ratio between available coding gain on each sub-carrier and the maximum PAR. Note that G and G' have the same coding gain. Therefore, we do not need to distinguish different sub-carriers. Let CGA denote the coding gain of layer A, defined as CGA = minai#a,2det(GG*) (21) and CGB denote the coding gain of layer B, which is defined as CGB = minbliAb2det(GG*). where PAR-ax is the normalized maximum PAR in (12). Fig.   2 shows the design metric as a function of K for QPSK modulation. We observe that the optimum K is equal to 2. 
BER performance with ICI reduction
In this subsection, the channels are modeled as independent 3-tap Rayleigh fading channels with an exponential power delay profile. In the simulation, we use K = 2 and a frequency offset (normalized by the subcarrier spacing) v = 0.01. At the receiver, the MLIC algorithm proposed in [3] is used to decode the information on each sub-carrier. When channel information is unavailable at the receiver, the differential detector in [8] can be used. We can see However, if we include the effects of amplifier backoff and nonlinearity, the proposed S-DEC-OFDM achieves better BER due to its lower PAR as shown in Fig. 3. 6. CONCLUSIONS In this paper, we propose an opportunistic STBC-OFDM with reduced PAR in the presence of carrier frequency offset. Our theoretical analysis shows that the lowest PAR is achieved when DEC and S-DEC are each implemented on half of the sub-carriers. ICI analysis shows that, in the presence of carrier frequency offset, sub-carriers on which DEC or S-DEC is implemented do not affect the BER performance. Finally, we optimize the scheme by selecting the optimum power scaling factor K to achieve the best tradeoff between coding gain and PAR. For QPSK modulation, at the optimum power scaling factor (K=2), the PAR of S-DEC-OFDM is 2 dB less than that of DEC-OFDM.
